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Megha-Tropiques (MT) is a LEO
satellite, with circular orbit.

Semi-major axis a = 7243.679 km
= altitude h = 866 km

Its originality is its inclination:
| = 20 degrees
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Views of the MT orbit
(Terrestrial referential frame)

Views of the ground track

September 2010 - Earth Radiation Budget Workshop
Paris 2010



Megha-Tropiques

Altitude = 865.6 km a= 7243700 km
Orbit - ref.: Earth Inclination = 20.00 °
Recurrence = [14;-1; 7] 97 Pericd = 101.93 min * rev/day =14.13
=>>> [ime span shown: 14400 min = 1.00 day Equat. orbital shitt =2892.0km ( 26.0 °)

Projection: Orthographic Map centre:  26.0 ° N; 460 °E Asc.node: 000 ° Téiwv
Property: none Aspect: Oblique MC ~ LMD
T.:Azimuthal & Graticule: 10° [ -78.0/ +64.0/ +44.0 ] Gr.Mod.: GRIMS-C1 ATAocg



Mieghna- | ropiques Altitude = 865.6 km a = 7243.700 km

Orbit - ref.: Earth Inclination = 20.00 °©
Recurrence =[14; -1; 7] 97 Period = 101.93 min  * rev/day =14.13
===> [ime span shown: 28800 min = 2.00 days Equat. orbital shift =2892.0km { 26.0 °)

Projection: Orthographic Map centre: 200 ° N: 1500 ° W Asc. node: 000 ° Ifiwy
Property: none Aspect: Oblique MC = LMD
T Azimuthal € Graticule: 20° [ 90,07 +70.0/-120.0 ] GrMad.; GEM-T2 ATAoeg



Megha-Tropiques
Orbit - ref.: Earth

Recurrence = [14;-1; 7] 97 Period = 101.893 min * rev/day =14.13

Altitude = 865.5 km a=7243.677 km

Inclination = 20.00 °

=>>> [ime span shown: 7.00 days Equat. orbital shift =2892.0 km ( 26.0 °)

Projection: Orthographic Téiwv
Property: none Aspect: Oblique MC »~ LMD

@ T.:Azimuthal - Graticule: 10°  §4.2}[-90.0/ +70.0/ +45.0] [ +8] EIGEN-C3 ATAoC



Recurrent cycle: 7 days

97 revolutions in the cycle (6.87 d)

Grid interval: 3.711° or 413 km
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7243.678 km

a=

Altitude = 865.5 km

Megha-Tropiques

20.00 °

Period = 101.93 min

Equat. orbital shift

Inclination

Orbit - Ground track
Recurrence = [14;-1; 7] 97

=14.13

* rev/day

2892.0 km ( 26.0 °)

=>>> [ime span shown: 1440.0 min = 1.00 day

ol

PRy

Téiwv

MC = LMD

0.00 =

0.0° Asc. node:

Project. centre; 0.0 ® ;

Projection: Mercator

21:52 %

App. inclin.

Aspect: Direct

Property: Conformal

ATAac<

§4.24[ +0.0/ +0.0/ +0.0][] EGMgs

¢ T.:Cylindrical - Graticule: 10°



7243.678 km

a=

Altitude = 865.5 km

Megha-Tropiques

20.00 °

101.93 min
Equat. orbital shift =2892.0 km ( 26.0 °)

Inclination

Orbit - Ground track

Recurrence = [14;-1; 7] 97

=14.13

* rev/day

Pericd

4.00 days

=>>> [ime span shown: 5760.0 min
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Megha-Tropiques Altitude = 865.5 km a - 7243.678 km

Orbit - Ground track .
Recurrence = [14;-1; 7] 97 Period = 101.93 min * rev/day =14.13
=>>> [ime span shown: 7.00 days Equat. orbital shift =2892.0 km ( 26.0 °)
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Projection: Mercator Project. centre; 0.0° ; 0.0° Asc. node:  0.00 ° Téiwv
Property: Conformal Aspect: Direct App. inclin. = 21.52 ° MC »~ LMD
& T.:Cylindrical - Graticule: 10°  §#4.2}[ +0.0/ +0.0/ +0.0][-] EGM9s ATAoC




Ground track with LMT
(notation of the Local Solar Mean Time)
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Megha-Tropiques Altitude = 865.5 km a = 7243 678 km

Orbit - Ground track el ration = 20.00 ©
Recurrence = [14;-1; 7] 97 Pericd = 101.93 min  * rev/day =14.13
>>>> [ime span shown: 14400 min= 1.00 day Equat. orbital shift =2892.0km ( 26.0 °)
LMT ElDCEl} g3 01 02 ad3 04 05 .UE Qv Q8 09 10 11 12 13 14 15 1§ 17 .15 19 20 21 22 23 _24- hDUfE

Projection: Raisz Armadillo MC.: 0.0° 460°E/281 “N;46.0 "E Asc. node:  0.00 ° [18:00 LMT] f{:;,cav
Property: none Aspect: Direct App. inclin.= 21.52 ° MC ~ LMD
& T.:(various) - Graticule: 10° .28 +90.0/ +0.0~136.0]F] GEM-T2 ATAocg



Megha-Tropiques
Orbit - Ground track
Recurrence = [14;-1; 7] 97

>>>> [ime span shown: 14400 min= 1.00 day

00 01 02 03 04 05 06 OF 08

Altitude = 8655 km a=72436878 km
Inclination = 20.00 @
Pericd = 101.93 min  * rev/day =14.13

Equat. orbital shift =2892.0km ( 26.0 °)

12: 13 4 15 1§ 17 18, 19 20 E1 22 23 24

e hours

LMT (local)

Frojection: Raisz Armadillo

Froperty: none
& T.:(various) - Graticule: 10®

Aspect: Direct

MC.. 0.0° ;460°E/281 " N;46.0 °E

Asc. node:  0.00 ° [14:00 LMT] Téiwv
App. inclin.= 21.52 ° MC ~ LMD
ATAog

$4.20[ +90.0/ +0.0-136.0][] GEM-T2



Megha-Tropiques
Orbit - Ground track
Recurrence = [14;-1; 7] 97

>>>> [ime span shown: 14400 min= 1.00 day

00 01 02 03 04 05 06 OF 08

Altitude = 8655 km a=72436878 km
Inclination = 20.00 @
Pericd = 101.93 min  * rev/day =14.13

Equat. orbital shift =2892.0km ( 26.0 °)

12: 13 4 15 1§ 17 18, 19 20 E1 22 23 24

e hours

LMT (local)

Frojection: Raisz Armadillo

Froperty: none
& T.:(various) - Graticule: 10®

Aspect: Direct

MC.. 0.0° ;460°E/281 " N;46.0 °E

Asc. node:  0.00 ° [10:00 LMT] Téiwv
App. inclin.= 21.52 ° MC ~ LMD
ATAog

$4.20[ +90.0/ +0.0-136.0][] GEM-T2



Megha-Tropiques Altitude = 865.5 km a = 7243 678 km

Orbit - Ground track el ration = 20.00 ©
Recurrence = [14;-1; 7] 97 Pericd = 101.93 min  * rev/day =14.13
>>>> [ime span shown: 14400 min= 1.00 day Equat. orbital shift =2892.0km ( 26.0 °)
LMT ElDCEl} g3 01 02 ad3 04 05 .UE Qv Q8 09 10 11 12 13 14 15 1§ 17 .15 19 20 21 22 23 _24- hDUfE

Projection: Raisz Armadillo MC.: 0.0° 460°E/281 “N;46.0 "E Asc. node:  0.00 ° [06:00 LMT] f{:;,cav
Property: none Aspect: Direct App. inclin.= 21.52 ° MC ~ LMD
& T.:(various) - Graticule: 10° .28 +90.0/ +0.0~136.0]F] GEM-T2 ATAocg



TSM
(local)

oo
01
02
03
04

05

06
a7

! o8
! 09
10
I 11
 §P!
13

} 14
15

b 16 Google
e s —

September 2010 - Earth Radiation Budget Workshop
Paris 2010



Precession cycle
the time interval needed for

the hour angle of ascending node
to vary by 24 hr.,

For Megha-Tropiques,
the precession cycle is short : 51 days
(or 28 minutes each day)
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Jecurence cycle = 7 days [14;-1; 7] 97
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Other particular point,
resulting of the 20-degree inclination:
for the latitudes between
10° and 25° (North and South),
the temporal sampling is represented
- by a « pack » of overpasses
- followed by a « lack » (without overpass)
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Recurence cycle = 7days [14; -1, 7] 97

Q

0
MONTHLY

Frecession cycle= 51days (Cs=-51.3)

Megha-Trop. / MADRAS
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Recurrence cycle = 7days [14;-1; 7] 97

N

o

5

Precession cycle= 51days (Cs=-51.3)

Megha-Trop. / MADRAS
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Recurrence cycle = 7days [14;-1; 7] 97

Megha-Trop. / MADRAS 10 ° N

Precession cycle= 51days (Cs=-51.3)
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Recurence cycle = 7days [14;-1; 7] 97

Precession cycle= 51days (Cs= 51.3) Megha—TrOp_ p‘! MAD RAS
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Recurrence cycle = 7days [14;-1; 7] 97

Precession cycle= 51days (Cs=-51.3)
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Recurrence cycle = 7days [14;-1; 7] 97

Precession cycle= 51days (Cs=-51.3)
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0.0

Mean number of overpass per day
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Cycle/ Phemege - 7 pura [14,-1; 7] @7
Cycie f Bokll = 51 purs |Ce=-51.3)
* =1 (An Mo J* [T] --0BB1* (8] --0B 81

Megha- Tropiques

JUN

B &

a3

TSM & 1 2 3

INITIALIBATION

NOELID ASCENDANT [NA) : "longitda MA - DOD° "Dete- --01 01 " Inemnt- OOh Kmin TSM ¢ NA

15 ° N
TABLEAU
MENSUEL

[T]: Trape - [8] : Balell

PASSAGES | n- 182 )

DU SATELLITES | EGMEE . |
POLUR LE POINTPR

- letitude : 1858 ° N

- longitude : 08 =

Pour P: TUC = TBM + 0ok B0m

CHAMP DEVUE: 878°

f‘]ﬁ;‘-ﬁ DIRECTION P-5
A ASC v DES

Sema trigonom. dinest.
- Angle zanithel [derm
pl. parpendic. & frecm).
- Azlmut (dens pEn

horz. el p.r. Mard

&
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w Jfan. O Agi
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ORBITE B - 7249 ETH km
Aftitude - BESSkm

IrelimeiEnn = 2000 °

Dacalage aquet. = 28EH2.0km
Paroda = 101.83 min

Meoyan mrt = 1413 toumf
BALAYACE

Dami-fauchEe = 44.8

Amg Zanithal maximal= 68 =
D.-fauchan ol =1108.2 km

Fr. Recuvmeme nt fquet. - 2089
Lttt e mieinte - 300 =

FESTALY
MC « LMD
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Cycle/ Phemege - 7 pura [14,-1; 7] @7
Cycie f Bokll = 51 purs |Ce=-51.3)
=1 (An Me J* [T] --O781*[8] --0781

Megha- Tropiques JUL

NOELID ASCENDANT [NA) : "longituda MA - DO0° "Dete- --01 01 " Inemnt- OOh Kmin TSM ¢ NA

INITIALIBATION

IEL SIS A

15 ° N
TABLEAU

MENSUEL

[T]: Trape - [8] : Balell

PASSAGES (n- 1M

]

DUSATELLITES | EGMEE . |

POUR LE PCINT PR
- Letituds : 15.8° N
- longitude : 08 =

Pour P: TUC = TBM + 0ok B0m

CHAMP DE VYUE :

2

CERRUNEN el e RNt amavea N =

!
|
:
!
N
I
|
i
|

28
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a0 _
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A ASC

Sema trigonom. dinest.
- Angle zanithel [derm
pl. parpendic. & frecm).
- Azlmut (dens pEn
horz. el p.r. Mard
BOLEIL

w Jan.

o)
= \a DIRECTION P-5

v DES

&

&)

o Az

ORBITE B - 7249 E78 km

Altitucde = BES.S km

Irelimmion = 2000 °

Dacalage aquet. = 28EH2.0km

Paroda = 101.83 min
Meoyan mrt = 1413 toumf
BALAYACK
Dami-fauchEe = 44.8

Amg Zanithal maximal= 68 =
D.-fauchan sl =1108.2 km
Fr. Recuvmeme nt fquet. - 2089

Lttt e, mteinte - 30.0

FESTALY
MC « LMD
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Scanning ground track
for ScaRaB instrument
=>» Across track swath

Scanning ground track
for MADRAS instrument
=» Conical swath

September 2010 - Earth Radiation Budget Workshop
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Megha-Tropiques / ScaRaB
Orbit - Ground track

Recurrence = [14;-1; 7] 97

=>>> [ime span shown: 100.0 min= 0.07 day

Across track swath (XT mode)

Altitude = 865.5 km a= 7243678 km
Inclination = 20.00 °

Period = 101.93 min * rev/day =14.13

Equat. orbital shift =2892.0km ( 26.0 °)

** Halt-swath: 48.9° == 1108 km [ 0.25 min]
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Projection: Raisz Armadillo MC: 0.0° ;75.0°E/ZC: 160 °N:€9.0°E Asc. node: -10.00 ° [00:00 LMT] IEqu
Property: none Aspect: Direct > zoom : 4.00 App. inclin.= 21.52 ° MC » LMD

& T .:(various) - Graticule: 10°

$6.41[ +90.0/ +0.0-165.0][] GEM-T2

Max. attained latit. = 30.0 ° ATAacg



Megha-Tropiques / MADRAS
Orbit - Ground track

Recurrence = [14;-1; 7] 97
=>>> [ime span shown: 100.0 min= 0.07 day

Ground track - Conical swath / VZA=53.1°

Altitude = 865.5 km a= 7243678 km
Inclination = 20.00 °

Period = 101.93 min * rev/day =14.13

Equat. orbital shift =2892.0km ( 26.0 °)

** Halt-aperture: 65.0° - Radius/grnd 928 km [ 0.25 min]

** Effect. h-ap.: 423 ° == 841 km - Effect. swath: 1682 km
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Property: none Aspect: Direct > zoom : 4.00 App. inclin.= 21.52 ° MC » LMD

& T .:(various) - Graticule: 10° i6.45[ +90.0/ +0.0~165.0]F] GE
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Data 310, NOAA, U5, Navy, NGA, GEBCO
Image @ 2010 DigitalGlobe

-Google
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Dats 510, NOAA, ULE, Navy, NGA, GEBCO
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Sun glint

[he situation of the MT orbit
in the tropical belt
implies frequent « sun glint » events

September 2010 - Earth Radiation Budget Workshop
Paris 2010
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ADEQOS-2 (4 &)

Orbit - Ground track - Sunglint [ Zen: 12 / Azi: 12 ]
==>> Time span shown: 202.0 min= 0.14 day
Across track swath (XT mode)

LMT (local)

bo D1 D2 D3 D4 D5 DE D7 DB D9 10 11

Altitude = 802.9 km a=7181.057 km
Inclination / SUN-SYNCHRON.= 98.64 °

Period = 101.05 min * rev/day =14.25

** Half-swath: 82.6° [ 5.0] - On ground 3045.0 km [ 1.00 min]
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Projection; Mercator Project. centre: 0.0° ; 0.0°
Property: Conformal Aspect: Direct
& T.:.Cylindrical - Graticule: 10°  #4.2{[ +0.0/ +0.0/ +0.0][] GEM-T2

Asc. node: -19.86 ° [22:20 LMT] Téiwv
MC = LMD
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Megha'TrOP'ques Altitude = 865.5 km a=7243.678 km

Orbit - Ground track - Sunglint [ Zen: 20 / Azi: 20 ] Inclination = 20.00 ©

==>> Time span shown: 102.0 min= 0.07 day Period = 101.93 min * rev/day =14.13

Across track swath (XT mode) ** Half-swath: 48.9° [1.0] - On ground 1108.2 km [ 0.20 min]
-75 -60 -45 -30 -15 0 15 30 45 &0 75 50 21 SEP

Sun Elevation (deg) e

Projection: Mercator PC: 0.0° :75.0 "E/ZC:15.0 " N: 750" E Asc. node: 30.00 © [08:00 LMT] ffawv
Property: Conformal Aspect: Transverse > zoom : 4.50 MC = LMD
0 T.:.Cylindrical - Graticule: 5°  §5.3}[ +0.0/ +90.0/-75.0] [80] GEM-T2 ATAac



Megha'TrOp'queS Altitude = 865.5 km a=7243.678 km

OCrbit - Ground track - Sunglint [ Zen: 20 / Azi: 20 ] Inclination = 20.00 ©

==>> Time span shown: 102.0 min= 0.07 day Period = 101.93 min * rev/day =14.13
Ground track - Conical swath / VZA=53.1° ** Halt-aperture: €5.0° - Radius/grnd 928 km [ 0.20 min]
LMT I:[Gﬂal} oo o1 D2 03 04 0O OB OF OB 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 hﬂurs 21 JUN
5’ o L. TRy s »*“’ ’;;%ﬁ 1 W S [ a,m:f

Projection: Guyou Project. centre: 20.0 ° N; 60.0 ° W Asc. node: -180.00 ® [00:00 LMT)] f{:{,wu
Property: Conformal Aspect: Transverse > zoom : 3.50 MC ~ LMD
& T.:(various) - Graticule: 5° §5.34[ -20.0/ -90.0/ +60.0] [+90] GEM-T2 ATAacg



Spatio-temporal Sampling
Angular Distribution
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FRecurrence cycle = 7Vdays [14;-1; 7] 97
Precgssion cyck= 51days (Cs=-51.3)
" J=1 {¥r Mn Dy)" [T] 2009 0701

Megha-Tropiques / ScaRaB

o=~ @ O & LI =

L T T e O s T T PRy [ ek mkcosed sk sl ksl med el s
mqmmhngAommaqmm.pwmADm

29

ASCTEMDING MODE (AN): * Lonagitude AM - 75.00 “E * Dale - 2009 07 01

" Time = 12h 00min LMT / AN

INITIALISATION

———————————————————————————————————

T m W

——————————————————————————————————————————————————

A5 ALl = R o e L AL S bt s e RO R AT

e e e S S St

T R P T

g4 Sl G okt i

L
8 9 10 11 12 13 14 15 18 17 18

19 20 21

22 23 24

10 ° N
MONTHLY
TABLE

[T]: Track

OVERPASSES (n =196 )

OF BATELLITES [ EGMaE |
FOR POINTP

- latitude : 10.0 = N

- longitude : 75.0 °E

For P: UTC =LMT - 05h 00m

FIELD OF VIEW : 97.8°

i
mg\ P-5 DIRECTION
& ASG ¥ DES

Right-handed sy=tem

- Zenith angle (in

the plane orthoganal {11
to the track).

- Azimuth [in the

lozal harizontal plana) =]
with respect o the Morth.

ORBIT a -T243678 km
Altitude = B65.5km

Inclination = 20.00 ©
Equatorial shift= 2892.0 km
Pariod = 10183 min

Mean mat. = 1413 rewday
SCANNING

Half-zwath = 45.8 =

Maximal zenith angle =588 =
H.-swath (ground) = 11082 km
Equatorial overlap = 2.082
Max. attained latit. = 300 =

[fLwy
MC = LMD
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Recurrence cycle = 172 days

Precazsion cyclke

10 ° N

TRMM / CERES

-46.3)

46 days (Cs=
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ASCEMDING MODE (AN} :

INITIALISATION

MONTHLY

w o w o u_w
e E o & = o w
-8 8 al| B | = r Ep
Z — - @| £ o o E B i 8
' z%e .| B E g 52| w TR 4 g (=]
o B = & £ 5% [T - N CO
= =1 w g o 8 = § u O & L £ = T, i M
] 25 =2 W F =g E = Eg & E o o N
LLI g, 8R9 S 929 gac FE8 fYd i chegiERy -
1 | 458 G| " B ESTCIE| BUESNEIEEET  a «
= - £ = 5 3 =]
m=s w55 £ £ F+ 2 c = < = £ f 2 £
@D | Ez8i%: o s egfbge| Ssdf,E5i2888 3¢
< iPef5, o|¥g #NEeTEY| RABEBoNELgE .
— boo L2 L= czfffdnffzgsz Pl
P <
: ” | | S EE T s
“ m m | 1 5 B
: : | | _ m
hm. i m : | ol oy
i m 1 | Qx i ™
mr ; ' " um_m
||||||||||| iy TR RN S SUN SR RN Sl L S DR S SU LS N < | S SR S Lt S SR - = R S _ A=
i M} | | ] i
! | m o
m | Tl
| m P le
hM | | A
..................................... | O S O SO O SO OO SO A I O S S
& N
m _N\-z ol
i i il
| _ _ |
1 | i @
m ! o oy
; :
..................................... +-..-.-----------.-@:-----..-.--.--.-}---,-.---------------i.----------T-- _
i }
| & ol
] ] w
! bl
¢ m f 1 —
e S A (U S SO R .m |||||||||||||||||||||||||||||||||||| .“.lll -
m | “ o
i H
4 1 [ —
| ) o
i H
T i do).e
: | ; o
_m\ ] :
LSS TrariR S, LR S sy S uml..\.-L--.--.-I--..I.I.....-II.I..I.I.I O S ]
: A }
: | |
3 e
m : m
m m
||||||||||||||||||||||||||||||||||||| A, SRS BN s SR T -~ Sl R CHA R RISt Ly el PO . |
1 [
| _m\ m
1 b . R b Vi)
1 ¥
1 ] .m i
L s B e
| “
e B s R A e T e e S i lm
| ;
| SN
| :
{ :
- !

R aal &Y I o B H T B 1+ R S - + R + T |

— N M s W WM~ D
~ T e T T

31
LMT 0

42

Earth Radiation Budget Workshop

September 2010 -

Paris

2010



Recurrence cycle = 16 days [15; -7; 18] 233

Precassion cyclk: infinity (SUN-3.)

10 ° N

Terra/ CERES
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Recurrence cycle = 16 days [15; -7; 18] 233

Precassion cyclk: infinity (SUN-3.)

10 ° N

Aqua / CERES
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Angular bins

Angles for the
Sun - Target — Satellite

geometry

- Solar Zenith Angle [0° - 90°] > 1=1,2,...,9

- Viewing Zenith Angle [0° - 90°] - J]=1,2,...,9

- Relative Azimuth [0° - 180°] -> K=1,2,...,9
September 2010 - Earth Radiation Budget Workshop 45
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ZENITH
&
SATELLITE
SUN )z(
* Principal Plane
do [V
Target /
-’/"‘"" ¢

J Viewing Zenith A.

| ,

Relative Azim.

R

I
Solar Zenith A.
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[]Theta 0 - Solar Z. A.
Theta -WView. Z. A,
[K]PhiB -Relat Az

Megha-Tropiques / ScaRaB

10 ° N

Altitude = 565.5 km * Inclination = 20.00 ** Half-swath =489 ° ==» Max. Theta 58.9°-[J]= 6 * Th. 0 min.= 0.0°-[I}= 1

YEAR
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“ MWk O OlN © o
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ASCENDING NODE (AM) : * Longitude AN = 75.00 °E * Date = 2009 07 01

* Time =12h 00min LMT / AN

During 365 days. * [S]J=1:YrMn Dy 2009 07 01 * [T]Jd=1 :*r Mn Dy 2009 07 01

Latitude :
Longitude :

10.0° N

75.0° E

|--
3--
4--
g--

OSun'C =51 %
Cwvarpasses:2308 pis

n

]

e s —

Owarpasses w.Sun:1180 pts

-- 144
-- 13
--142
--- 1M
<s ANN
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a0 -soiz TRMM / CERES 10 ° N

1] [K]PhiB -Relat Az

Altituda = 350.1 km * Inclination = 34.99 °* Half-swath =449 ® === Max. Thata 48.1°-[J]= 5 * Th. 0 min.= 0.0°/]= 1 YEAR

o o= @ W0

- M W = in

MC » LMD 8 >
Tfiwy :

9 2 2
B8

F

6

=

) i

3 | e

= -;._"-‘:‘:.:-:;b — = Over;?assggs?;ﬁup?;
1 Owearpasses w.Sun: 170 pts

[]= 1=== & [I]= 6= 14
SSQENDWG NODE (AN - * Longitude AN = 75.00 °E * Tima = 125 00min LMT /AN Poimp{' Caifuds = 100 N il % EE i é l%
uring 365 days. * [S]J=1:YrMn Dy - 07 01 - Longitude : 75.0 ° E |]= E..nd *Bins <s ANN
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) Theta. - View. 7. A. Terra/ CERES

[K]PhiB -Relat Az

Altitude = 629.6 km * Inclination = 98.21 ** Half-swath =618 ° ==» Max. Theta 758.0°-[J]= 8 * Th. 0 min.= 0.0°-[I}= 1

]

MC » LMD B
VELIALY, :

B

- H

ol

=

2

2 ] 1RSS5 e ,h_%{;b | Over;?asslégs?g?g%?;

1 Owvearpasses w.Sun: 492 pts
[]= 1=== 18 [I]= === 1@

ASCENDING NCDE (AN - * Longitude AN = 103.02 °E_* Tme [ = 22h 30min LT / AN Poimp{' Caifuds = 100 N il %HE i é é

During 365 days. * [S]J=1: Yr Mn Dy - 07 01 - Longitude : 75.0 ° E |]= E... 55 YBins <s ANN
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(et g2 Aqua / CERES

[K]PhiB -Relat Az

Altitude = 629.6 km * Inclination = 98.21 ** Half-swath =618 ° ==» Max. Theta 758.0°-[J]= 8 * Th. 0 min.= 0.0°-[I}= 1

]

MC » LMD
Ifiwy

B

- H

ol

=

2

2 ] - il ‘__-?E-..,';b _ L Ovar;?asslégs?g?gzp?g

1 Owvearpasses w.Sun: 504 pts
5 I T

ASCENDING NODE (AN - * Longitude AN = 103.02 °E_* Time L= 13h 32min LT / AN Poimp{' Caifuds = 100 N il EHE i é é

During 365 days. * [S]J=1: Yr Mn Dy - 07 01 - Longitude : 75.0 ° E |]= E..0 57 *Bins <s AN
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GPM

GPM Global Precipitation Mission

Conical swath

- Exemple with:
[0 Two Sun-Synchronous satellites
* DMSP (1)
* DMSP (2)
[0 Two « tropical » satellites
* Megha-Tropiques
* TRMM (Tropical Rainfall Mission Measurement)
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Megha'TrOF)'ques Altitude = 865.5 km a=7243.678 km

Orbit - Ground track TR T ey
Recurrence = [14;-1; 7] 97 Period = 101.93 min * rev/iday =14.13
>>>> T[ime span shown: 120.0 min= 0.08 day Equat. orbital shift =2892.0 km ( 26.0 °)
Ground track - Conical swath / VZA=53.5° ** Half-aperture: 65.0° - Radius/grnd 940 km [ 1.00 min]
** Effect. h-ap.: 42.6 ° == 851 km - Effect. swath: 1703 km
¥R T RN Y T 5 o ]
L ; w T gl Y B - | o : 3o s
it WO Mj:-: Lo ; SR Hoas " o - R e
' N : R L i g\ Jo T : Pl 3
LA A ) ™My 3 24 fe : . Ay
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Projection: Mercator Project. centre: 0.0° ; 0.0° Asc. node: 0.00° ff{,wu
Property: Conformal Aspect: Direct Max. attained latit. = 27.6 ° MC ~ LMD
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TRMM [2] { K&/ )

Altitude = 402.6 km a=6780.729 km
Orbit - Ground track TR s
>>=> [ime span shown: 120.0 min= 0.08 day Period = 92.39 min * rev/day =15.59
Ground track - Conical swath / VZA=52.8° Equat. orbital shift = 2625.4 km ( 23.6 °)

** Half-aperture: 64.8° - Radius/grnd 476 km [ 1.00 min]
** Effect. h-ap.: 45.9 ® == 431 km - Effect. swath: 861 km

N4 -
L o - TR r

e

Py R |

Projection: Mercator Project. centre: 0.0° ; 0.0° Asc. node: 0.00° ff{,wu
Property: Conformal Aspect: Direct Max. attained latit. = 38.8 ° MC ~ LMD
& T.:Cylindrical - Graticule: 10°  }4.2}[ +0.0/ +0.0/ +0.0][] EGM35 ATAac



DMSP-F-17
Orbit - Ground track

>>=> [ime span shown: 120.0 min= 0.08 day

Ground track - Conical swath / VZA=53.1°

Altitude = 848.0 km
Inclin./SUN-SYNCHRON.= 98.83 °
Period = 102.00 min * reviday =14.12

Equat. orbital shift = 2838.8 km ( 25.5 °)

** Half-aperture: 51.0° - Radius/grnd 913 km [ 1.00 min]

a=7226.136 km

** Effect. h-ap.: 38.6 ° == 709 km - Effect. swath: 1417 km
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Projection; Mercator Project. centre: 0.0° ; 0.0°
Property: Conformal Aspect: Direct
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Asc. node: 0.00 °
Max. attained latit. = 87.5 °
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MT + TRMM
1 + 2 SSO (polar) satellites
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Megha—Tropiques

TRMM - SR
DMSP 1 Image anlmatlon.
DMSP2 Thomas Fiolleau




Megha—Tropiques
TRthM

DMSP1

DMSP2

e NG | b, ol W e >
135°W /5°W 0° 63°E 140°E
GOES-10 GOES-12 METEOSAT-7 METEOSAT-5 MTSAT
(NOAA) (NOAA) (EUMETSAT) (EUMATSAT) (Japan Met. Ag.)
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Megha'TrOp'queS Altitude = 865.5 km a=7243.678 km

0 km <= 120 km - Radic Occultation avec NAVSTAR/GPS %
|nclinaison = 20.00 ®

=== Durée représentée : 1440.0 min=1.00 jour Période = 101.93 min * Reévol./j.=14.13
Nombre total d'occultations 24 Décalage a |'équateur = 2892.0 km ( 26.0 ©)
TSM {[Gcal} oo o1 D2 03 04 0O OB OF DR 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 heures
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Projection : Mercator Centre Project.: 0.0° ; 0.0° Noeud asc. : 0.00° I{:qu
Propriété : Conforme Aspect : Direct Inclin. app. = 21.52 ° MC »~ LMD
B T.:.Cylindrique - Grille : 10 #.2}[ +0.0/ +0.0/ +0.0][] GEM-T2 ATAac<



Megha-Tropiques

ka == 250 km - Occultation Radio avec NAVSTAR/GPS

=== Durée représentee : 14.00 jours

Mombre total d'occultations © 338

oo D1 D2 03 04 0O DB OF 0B 09 10
TSM (local)

12 13 14 15 1§ 1F 18 19 20 21 22 23 24

Altitude = 865.5 km a=7243.678 km
Inclinaison = 20.00 °

Période = 101.93 min * Reévol./j.=14.13

Décalage a I'équateur = 2892.0 km ( 26.0 °)

heures

Projection : Orthegraphique
Propriete : (sans)
¢ T.:Azimutal - Grille : 10°

Aspect : Oblique

CP:25.0 ® N;72.0 "E/CZ:18.0 ° N; 610 " E

§5.31 [ -90.0/ +65.0/ +18.0] [+12] GEM-T2

Moeud asc. : 0.00 ®

Téiwv
MC »~ LMD

ATAac<



Megha-Tropiques

Q P;r'r‘r == 250 km - Occultation Radio avec NAVSTAR/GPS

Altitude = 865.5 km a=7243.678 km

|nclinaison = 20.00 ®

=== Durée représentee : 21.00 jours Période = 101.93 min * Reévol./j.=14.13
Nombre total d'occultations : 508 Décalage a |'équateur = 2892.0 km ( 26.0 ©)
TEM I:[Gﬂal} oo o1 D2 03 04 0O OB OF OB 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

e B e heures

Projection : Orthegraphique CP: 250 “N:;72.0 "E/CZ: 180 " N: 610 " E Moeud asc. : 0.00 ® ff;,cau
Propriété : (sans) Aspect : Oblique MC » LMD
b T.:Azimutal - Grille : 10° §5.3} [ -90.0/ +65.0/ +18.0] [+12] GEM-T2 ATAoC



COIXION Software

http://
climserv.ipsl.polytechnique.fr/ixion
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" IXION - Mozilla Firefox

er Edition Affichage Allera Marque-pages Oufils Ajde

- E:) - % |:| @ [D http://climserv.ipsl.polytechnique friixion-dev/index php

‘oducts [ JShop [ JSupport | JTraining | | Red Hat, Inc. [ | Red Hat Network

IXION

L
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Infos Annuler

Satellite

Megha-Tropigues
Morad Crbite Phasage Annexes

Annuler

Type de Sortie

OREITOGRAPHIE : Trace simple
{avec fauch&es éventuslles)

Annuler

Représentation de I"orbite

Annuler Modifier les choix

Fauchées

Annuler Madifier les choix

IXION : Orbitographie et echantillonnage
Copyright @ 2008 Michel CAFDEROU - L.M.D./ C.MN.R.5,

Megha-Tropiques

Altit. équival. = a65.5 km a=T7242.683 km
Trace de |'orbite elliptique Inclinaisan - 20.00 & 0000352
Phasage =[14;-1; 7] 87 FPériode = 101.92 min " Rewl/j=14.12
2002 06 01 02:00:00 TUC »»> 14400 min = 1.00 jour h_a= @&B8km;h_p= 883 km ;arg. perigee ;| +90.00

V. a2 I et e e fa

Projection : Marcator Centre Projct.: 0.0 0.0 [MORAD] 2009 06 01 03:00:00 TUS /R 1 [,Eg,w;,-'
Proprigté : Conforms Aspect : Direct Mosud asc. @ -149.73 [17:01 TSM] MC* LMD
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Terra/ CERES

Altitude = 699.6 km a=7077.738 km
Orbit - Ground track Inclination / SUN-SYNCHRON.= 98.21 °
Recurrence = [15; -7; 16] 233 Period = 9888 min * rev/day =14 .56
=>>> [ime span shown: 99.0 min= 0.07 day Equat. orbital shift =2751.9km ( 24.7 °)
Alternated variable-yaw swath [+12.0 min] ** Halt-swath: 55.0° == 1154 km [ 0.1 min]
i :
gy
£ S o
=
| | NG L\ i .
Projection: Mercator Map centre:  450° N: 1100° W Asc. node: -80.00 ° [22:30 LM f{:;,:;av
Property: Conformal Aspect: Oblique > zoom : 4.00 Max. attained latit. =90.0 ° MC » LMD

T.:Cylindrical & Graticule: 5o [ +30.0/ +45.0/ +20.0] GrMod.: GEM-T2 ATAocg



METOP_A Altitude = 817.4 km a=7195.547 km

(lkm <-> 1600 km - Superpolstimn (pt interm.) avec AQUA Incl. HELIOS. = 98.67 © & — 0.000106
[ +-15.0 min]
Phasage =[14;+6;29]412 Période = 101.36 min * Reéevol./j.=14.21

2008 03 07 00:00:00 TUC >>> 2880.0 min = 2.00 jours *** [+ 800 km] METOP-A  *** [+/- 800 km] AQUA

oo o1 D2 03 04 0O OB OF OB 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
TSM (local) E ; heures

Projection : Orthographique Centre Pr.(dr.): 55.0 ° N; 25.0 ° W Noeud asc. : -97.96 ° [21:30 TSM] f{:;,cau
Propriété : (sans) Aspect : Oblique [NORAD] Révolution : 7152 MC » LMD
& T.:Azimutal - Grille : 10° §4.24[-90.0/ +35.0/+115.0] [] GEM-T2 [NORAD] 2008 03 06 04:01:29 TUC ATAoC



Projection : Orthogr. / FishEye Centre Project.: 46.0 ° N; 3.0 "E IE LoV

Propriété : (sans) Aspect : Oblique MC » LMD

@ T..Azimutal - Grille : 2° 5,31 [ -90.0/ +44.0/ +87.0] [] GEM-T2 ATAoe




|
0 View from the sky

OO0 If you are aboard Megha-Tropiques
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Megha-Tropiques
Ground track (with LMT)

MT over Bangalore

>>»> [ime span shown: 2880.0 min = 2.00 days

Altitude = 8655 km a=7243678 km
Inclination = 20.00 °
Pericd = 101.93 min  * rev/day =14.13

Equat. orbital shift =2892.0km ( 26.0 °)

122 13 4 15 1§ 17 18 19 20 E1 22 23 24

M hours

LMTI:'DCE” 00 01 02 03 04 05 06 OF 08 09 110 1M

Projection: Pt View Sat h=0.14 R Map centre:  130° N: 776 °E Asc. node:  0.00 ° [06:00 LMT] f{:amu

Froperty: none Aspect: Oblique

MC = LMD

@ T.Azimuthal - Graticule: 5°  §6.43[-90.0/ +77.0/ +12.4] [+20] GEM-T2 ATAoS
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Maps
Graphs
Diagrams
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from
IXION software
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Michel Capderou

Satellites
Orbits and missions

Foreword by Jean-Jacques Dordain, ESA, Director General

This book treats the subject of satellite orbits, showing how the wide range of available
orbits can be put to use to satisfy the needs of fields as varled as communications, positio-
ning, remote-sansing, meteorology, and astronomy.

The satellite Is first discussed in the context of the laws of space mechanics. The various
categories of orbit (circular, elliptical, high, low, geostationary, and Sun-synchronous) are
then presented, togather with the problem of sampling (when and how the satellite views
Its target). There Is thena study of specific cases, In particulag applying all theldeas encoun-
tered for Earth-orbiting satellites to the case of a satellite In orbit around Mars.

The arguments are supported by a great many applications, figures and lllustrations,
with overa thousand satellites cited explicitly. The whole work Is based on two pleces of soft-
ware: IXION {orbitography and sampling) and ATLAS (cartography}, both developed by the
author himself. The accompanying COROM Includes an Interactive program which can be
used to determine the orbit and sampling of a satellite.

The bookwill be useful for researchers, university teachers and students workingIn the
satellite area. School teachers, geographers, and engineers using Images taken from space,
as well as anyona Involved In space exploration will find it a predous resource.

Michel Capderou Is currently an assodate professor at Plerre et Marle Curle University
(Parls V1) and a researcher in the Laboratolre de Météorologle Dynamique af the Ecole Poly-
tachnique, Palaisequ (France). He specialises in orbital strategy and observation.

ISBN: 2-287-21317-1

Michel Capderou

Satellites
Orbits and missions

Foreword by Jean-Jacques Dordain, ESA, Director General
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